Abstract. Titanium dioxide (TiO 2 ) thin films based interdigitated electrodes (IDEs) have been synthesized using sol-gel method with hydrochloric acid (HCl) as catalyst. The prepared TiO 2 solution has been deposited onto silicon dioxide (SiO 2 ) substrates via spin-coating technique. Film was annealed at 500 o C and aluminium (Al) IDEs have been fabricated. Finally the X-ray diffraction (XRD) shows high intensity of both anatase and rutile peaks exist on 10 nm TiO 2 thin film. Average crystallite size of the nano particles is seen to be 25 nm. Uv-Visible spectroscopic (Uv-Vis) technique was used for the transmittance spectra characterization of the sample.
Introduction
Titanium dioxide (TiO 2 ) is a large band gap semiconductor with many interesting properties such as high chemical stability [1] ; where it has high resistance to damage in acid or alkali. Furthermore, this inexpensive material can be categorized as a non-toxic material which is good for biosensor application. Most people study TiO 2 for photocatalytic application according to its ability to restrains virus activity, catches and eliminates the planktons in the air, and provides the function of anti-pollution [1] also high temperature stability [2] . This large band gap semiconductor consists of three different crystalline structures that are anatase (tetragonal), rutile (tetragonal) and brookite (orthorhombic) [3] .
TiO 2 thin films can be prepared by many techniques such as sol-gel, magnetron sputtering, chemical vapor deposition and spray pyrolysis. The sol-gel method is used in the latest field of nanoscience because of its low cost and non-requirement of expensive equipment. Instead of that, it can be conducted under ambient temperature, namely, low-temperature processing, and can synthesize nanostructures with high homogeneity and purity [4; 5] . This method derived precipitates which are typically amorphous in nature. Thus, post-annealing of films is required to induce crystallization. The application of heat treatment enhances the structural order between Ti and O because of the total elimination of organic compounds and improves the defect density of the films.
In general, the crystalline structures formation of TiO 2 nanoparticles can be strongly affected by the applied temperature on it. Thus, we have study the morphological and optical properties of TiO 2 film annealed at 500 o C.
Methodology
TiO 2 thin film was prepared by a sol-gel spin-coating method. Titanium isopropoxide (TIP) was added to ethanol under vigorous stirring with molar ratio of 1: 9. Afterword, hydrochloric acid (HCl) was dropped wise into the solution until it turns to clear. The solution was dropped one time onto the selected substrate using spin coater at spinning speed of 3000 revolution per minutes within 30 s to form a uniform TiO 2 thin film. The coated substrate was then dried on 90 o C hot plate for 15 min.
The drop and dry process were repeated four times onto the same substrate and finally the substrate was annealed inside a box-type resistance furnace at 500 o C within 1 hr. Complete polymerization of this TiO 2 solution allows transformation of liquid sol into a solid gel. The film surface morphology and nanostructure of the synthesized TiO 2 film on SiO 2 substrate was characterized using atomic force microscopy (AFM), ultraviolet-visible spectroscopy (UV-Vis) and X-ray diffraction (XRD). Sample then was deposited with aluminum (Al) metal using thermal evaporator and electrodes were fabricated using simple lithography method as shown in Fig.1 . A Keithley 6487 picoammeter with Labtracer2.0 software was used to measure the current-voltage characteristics. Fig. 2 shows the XRD pattern of TiO 2 nanoparticles. The crystal size of the highest peak can be estimated from the Scherrer equation, described as follows: r = 0.9 λ / B cos θ (1) where λ is the X-ray radiation and B is the full-width at half-maximum of the diffraction peak. The rutile crystallite size was calculated to be 25 nm by Scherrer equation using characteristic crystal peak of 2θ = 56.6 o and k = 0.94, respectively. The sharp peaks indicate these particles are well crystalline while the broadening peaks give an idea about the small particle size of synthesized TiO 2 [6] .
Fig. 1: Schematic drawing of TiO 2 thin film-based interdigitated electrodes

Results discussion
The AFM image of the as prepared TiO 2 nanoparticles with HCl as shown in Fig. 3 was carried out to confirm the actual size of the particles [3] . It can be seen the roughness of the surface according to the granular morphology with spherical shaped growth when temperature was applied on the film. In order to identify its optical behaviour of this film, optical transmittance was performed in the UV-Visible region. Fig. 4 shows the transmittance spectrum of the TiO 2 thin film. The transmittance occurs at visible region with 49 % ability to transmit uv light. 
Summary
We have successfully synthesized both anatase and rutile TiO 2 thin film with 25 nm nanoparticles size when sample was annealed at 500 o C for 1 h. The particles were growth uniformly with ability to transmit light in 49%.
